Objective: Patients with nonlocalized bronchiectasis are encountered commonly; however, there is little information regarding surgical intervention in this patient population. The aim of this study was to evaluate symptomatic response and safety of anatomic resection of the predominant lesion via the use of lobectomy for the management of nonlocalized bronchiectasis.
Results: The mean patient age was 54.5 AE 6.4 years. There was no operative mortality. Postoperative complications occurred in 8 (21.6%) patients, including 1 with empyema, 1 with persistent air leak, and 6 with minor transient complications, all of which were manageable without any reoperation. After lobectomy, the median extent of residual bronchiectatic areas in the remaining lungs was 25% (range, 12.5%-42.9%). The frequency of acute infection (5.3 AE 2.1/year vs 1.8 AE 2.3/year) and hemoptysis (4.9 AE 2.8/year vs 1.1 AE 0.7/year) decreased significantly and the amount of sputum also decreased (37.1 AE 3.4 mL/day vs 10.7 AE 4.6 mL/day). Twenty-three (62.2%) patients were asymptomatic after surgery, 10 (27.0%) were symptomatic with clinical improvement, and 4 (10.8%) had no change or worsened.
Conclusions: Lobectomy for the predominant lesion is a safe procedure in the surgical treatment of nonlocalized bronchiectasis and leads to significant relief of symptoms with good rates of satisfaction. (J Thorac Cardiovasc Surg 2017;153:979-85)
Patient satisfaction after surgery.
Central Message
Lobectomy for the predominant lesion in nonlocalized bronchiectasis can improve symptoms significantly with comparable satisfaction rates with localized bronchiectasis.
Perspective
Nonlocalized bronchiectasis is common. This study investigates the safety of lobectomy for predominant lesion in nonlocalized bronchiectasis and finds no operative mortality and an acceptable morbidity rate. Patients experience significant symptom improvement, and most are satisfied with the outcome. Lobectomy can be considered in selected patients whose symptoms are not controlled by medical therapy.
See Editorial Commentary page 986.
Bronchiectasis is defined as an abnormal and irreversible dilatation of the bronchi, often associated with chronic productive cough, airway obstruction, and recurrent infections. 1 Although the prevalence of bronchiectasis is not well characterized (from 3.7 to 52 per 100,000 adults 2 ), it has become a major medical concern in developing countries, such as China. [3] [4] [5] The role of surgical intervention in localized bronchiectasis has been well established, 2, 6 and indications for surgery include failure of medical treatment, hemoptysis, and progressive disease with recurrent infections.
Complete resection is pivotal in preventing postoperative infectious complications and disease recurrence. 8, 9 Therefore, surgery has not been considered traditionally for nonlocalized bronchiectasis.
In patients with nonlocalized bronchiectasis in whom symptoms are not controlled by conservative medical therapy, however, the role of surgical resection for the predominant lesion should be re-examined. In our center, 37 patients with nonlocalized bronchiectasis received this therapeutic option. Surgery was indicated for patients with nonlocalized bronchiectasis provided that (1) patient symptoms persisted despite appropriate medical treatment, (2) the most affected area (ie, the predominant lesion) could be identified, and (3) cardiopulmonary function was compatible with the anesthetic risk. In this study, we aimed to evaluate symptomatic response and safety of anatomic resection of the predominant lesion by using lobectomy for the management of nonlocalized bronchiectasis.
MATERIALS AND METHODS Study Population
This study was approved by the review board of Tongji University. Written informed consent was obtained from all patients. Nonlocalized bronchiectasis was defined as the bronchiectatic areas involving multiple segments and lobes. 10 Patients who had bronchiectasis with cystic fibrosis, bronchiectasis combined with aspergilloma, and surgery for emergency reasons were excluded from this study. We reviewed the medical records of 37 patients with nonlocalized bronchiectasis who underwent lobectomy for the predominant lesion in our department between January 2010 and December 2013.
The initial diagnosis of bronchiectasis was based on detailed patient medical records and documented bronchial wall dilatation on thoracic computed tomography (CT). All patients received standard medical treatment before operation, including systemic antibiotics, nonirritant expectorants, and anti-inflammatory agents according to our previous experience. 4 Failure of medical treatment was defined as frequent exacerbation interfering with normal professional or social life or requiring multiple hospitalizations. 4 The predominant lesion was located in the most severely affected area on CT scan (Figure 1 ), or in the area involved in hemoptysis through bronchoscopic examination. Surgical resection was not considered for patients with diffuse bronchiectasis. A predicted forced expiratory volume in 1 second of greater than 60% was considered adequate for surgery.
Preoperative Evaluation
Details of patient preoperative evaluation have been reported in previous publications. 3, 4, 11 To summarize, thoracic CT was performed to locate the predominant lesion. The extent of bronchiectatic lesions that was expected to be left behind was expressed as a proportion of the remaining lungs, which was calculated by the anatomic method, where the total number of segments for both lungs was deemed 19 (10 in the right lung and 9 in the left lung). 12 Bronchoscopy was used for the assessment of endobronchial membrane (excluding proximal obstruction), characterization of mycobacterial colonization, and for removal of secretions. The side opposite the predominant lesion should be examined first to minimize any potential contamination. For patients with compromised pulmonary function, quantitative pulmonary ventilation and perfusion scan was performed to estimate the postoperative lung function for operative consideration. Empiric antibiotic treatment was given with cephalosporin for a minimum of 48 hours before the operation if patients were not receiving antibiotic treatment. For those who were taking antibiotics, the regimen was continued in the perioperative setting. Patients were instructed by our nurses to collect their daily sputum in a given cup and to estimate the volume visually. They were prepared strictly at least 2 weeks until the daily sputum volume was less than 20 mL. For patients who failed to reach this threshold, a repeat sputum culture was performed, and antibiotics were modified subsequently on the basis of antibiotic sensitivity results.
Surgical Technique
Posterolateral thoracotomy was performed in all patients. A doublelumen endotracheal tube was used to avoid the intraoperative contamination of the opposite side of the lung. Lobectomy was performed to remove the predominant lesion, including right upper lobectomy in 7 patients, right middle lobectomy in 9, right lower lobectomy in 5, left upper lobectomy in 6, and left lower lobectomy in 10. The minor lesions, which resided ipsilaterally in 2 patients and contralaterally in 35, were left untouched during the operation ( Figure 2 ). Excessive bronchial dissection was avoided, and peribronchial tissues were preserved. Extrapleural dissection was performed to avoid spillage of lung content into pleural space. The order in the treatment of the hilum of lung was from pulmonary artery to pulmonary vein and then to the bronchus. Distorted bronchial arteries were isolated carefully and ligated or severed by ultrasonic device. The bronchial stump was closed with a mechanical stapler and reinforced with an intercostal muscle flap in 16 cases and a pedicled parietal pleural flap in 21 cases ( Figure E1 ). After lobectomy, careful hemostasis was performed, and, if any early signs of FIGURE 1. A 55-year old male patient suffered from bilateral bronchiectasis. The predominant lesion in the left lower lobe, the minor one in the right middle lobe, and some scattered lesions in both sides.
Abbreviation and Acronym
CT ¼ computed tomography pleural infection were present, pleural space irrigation was conducted with 0.5% neomycin (500 mg/L). Two chest drains were placed at the site of bronchial stump. The bronchial suture was checked bronchoscopically, and any secretion was removed from the airways. All specimens had pathologic confirmation of bronchiectasis.
Postoperative Treatment and Assessment
Intensive postoperative care was conducted by a specialized team that included chest physicians, thoracic surgeons, and well-trained nurses. Systematic antibiotic treatment was continued for 5 days after surgery, or longer if the patient had inflammatory symptoms. Active cough and early ambulation were encouraged on postoperative day 1 to facilitate expectoration and promote lung re-expansion. 4 Percussive chest physiotherapy was performed 3 to 4 times daily. Chest tubes were removed if (1) the patient's vital status was stable and routine blood tests were in the normal range, (2) the amount of drainage diminished to 80 to 100 mL or less per day and the color was clear, and (3) there was no evidence of air leak and lung re-expansion was confirmed by a chest radiograph. Bronchoscopic sputum aspiration was used if patients had postoperative atelectasis, and thoracentesis was required if significant pleural effusion was present after removal of the chest tubes. Postoperative complications were defined as those occurred during hospitalization or within 30 days of treatment. Persistent air leak was defined as air leak that lasts more than 2 weeks. 4, 13 Follow-up was completed in all patients with a mean period of 15.3 months (range, 11.9-20.4 months). The outcome of surgery was evaluated at 1 year postoperatively with a structured questionnaire from our previous study. 3 Patients were assessed for the frequency of acute infection (n/year) and hemoptysis (n/year) in the following 1 year, and for the dyspnea score of Fletcher and colleagues 14 and daily sputum volume (mL/ day) at the time of follow-up appointment. Patient satisfaction with regard to symptom relief was evaluated according to the following criteria 13 : excellent (absence of preoperative symptoms), good (alleviation in preoperative symptoms), no change (no reduction in preoperative symptoms), and worse (frequent exacerbation of disease requiring hospitalization).
Statistical Analysis
Clinical data were summarized with the mean and standard deviation or median and interquartile range as appropriate based on normality of distribution of continuous data. Categorical variables were summarized with proportions. The preoperative and postoperative patient outcomes were compared with a paired t test for continuous variables and the McNemar test for categorical variables. Independent factors for poor prognosis were studies by logistic regression analyses. A P value less than .05 was considered statistically significant. The outcomes of patient satisfaction as to symptom relief in nonlocalized bronchiectasis were compared with those in localized bronchiectasis reported in the previous studies 4, 15, 16 using stacked bar graph. All statistical analyses were performed by SPSS Statistics 19 (IBM Corp, Armonk, NY).
RESULTS
Patient clinical characteristics are listed in Table 1 . There were 10 male and 27 female patients, with a mean age of 54.5 AE 6.4 years. All patients had chronic symptoms for a mean period of 62.8 AE 8.2 months. Bacterial infection was preoperatively proven in all patients.
The mean operative time was 174 AE 82 minutes, and the mean intraoperative blood loss was 215 AE 60 mL. No perioperative blood transfusion was needed. After surgery, the median extent of residual bronchiectatic areas in the remaining lungs was 25% (range, 12.5%-42.9%). There was no perioperative mortality. Postoperative complications occurred in 8 (21.6%) patients, including empyema (n ¼ 1), which was treated with chest tube drainage, persistent air leak (n ¼ 1), postoperative pneumonia (n ¼ 2), atelectasis requiring bronchoscopy (n ¼ 2), and cardiac arrhythmia (n ¼ 2). The mean duration of hospital stay was 13.0 AE 6.5 days.
Patients experienced marked symptomatic improvement after 1 year postoperatively ( Table 2 ). The postoperative frequency of acute infection and hemoptysis decreased significantly (both P <.01). The daily volume of sputum was reduced by 26.3 AE 6.1 mL (P < .01). Postoperative sputum culture studies became sterile in 13 (35.1%) of 37 initially infected patients (P <.01). Evaluation of patient satisfaction revealed that 23 (62.2%) patients were 
DISCUSSION
Bronchiectasis is a pathologic endpoint that results from many disease processes and poses an increasing burden on healthcare systems worldwide. 17, 18 Patients with nonlocalized bronchiectasis currently are being encountered in clinical practice, 5, 7 in whom the difficulty in relieving symptoms through conservative therapy leads to the consideration of surgery for the most affected area. We aimed to assess the safety and efficacy of this therapeutic option for nonlocalized bronchiectasis, and our findings demonstrated that lobectomy can be performed safely with an acceptable postoperative morbidity rate and patient symptoms can be improved significantly with good satisfaction rates after resection of the predominant lesion in the lung.
Surgery has been used for bronchiectasis with the principal aim of improving symptoms as well as quality of life. 6, 15, 19 A recent meta-analysis pooling 35 studies confirmed the efficacy of surgical intervention in patients with noncystic fibrosis bronchiectasis 20 ; however, operations in these previous studies were performed mainly in the setting of localized bronchiectasis. Surgery in nonlocalized bronchiectatic disease was reserved only for certain life-threatening symptoms (ie, massive hemoptysis) and infection-related complications (eg, pulmonary abscess). 2, 6 In 2003, Mazieres and colleagues 21 initially evaluated the utility of limited resection in 16 patients with multisegmental bilateral bronchiectasis and showed symptomatic relief after operation. Schneiter and colleagues 10 subsequently conducted a comparative study and found a similar postoperative patient satisfaction between those with localized and those with nonlocalized bronchiectasis, although these comparisons were not performed through a strict statistical analysis.
On the basis of these previous studies, we set forth to investigate the feasibility of lobectomy for predominant lesion in nonlocalized bronchiectasis while minor diseased areas were left behind in the remaining lungs. The perioperative results showed no operative mortality and an acceptable morbidity rate of 21.6%, which was comparable with those in localized bronchiectasis in other series (Table 3) . To note, 2 major complications, empyema and persistent air leak, occurred but 
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Values are mean AE SD or n (%). ; and D, data from the study by Sehitogullari and colleagues. 16 both were manageable without the need for reoperation. Postoperative empyema was common in bronchiectasis, 6, 16 and most could be treated successfully by tube thoracostomy. In addition, persistent air leak was frequently noted after operation, with a reported rate of 4.8% to 6.1%. 13, 22 Thus, extreme caution should be taken during the dissection of lung parenchyma.
On the basis of our previous experience in management of bronchiectasis, 3, 4 we have established certain important care protocols to reduce the risk of postoperative complications (Figure 4) . Preoperatively, patients must be prepared strictly until sputum is less than 20 mL/day with little purulence and bronchoscopy shows no engorgement or edema in the tunica mucosa bronchiorum. Eren and colleagues 13 found patients in whom bronchoscopy was not performed had a significantly greater rate of postoperative complications. Although preoperative bronchoscopic examination is not necessary for a diagnosis of bronchiectasis, it serves as an important adjuvant method, in the setting of nonlocalized bronchiectasis, to locate dominant lesion, exclude gastric aspiration, evaluate inflammatory condition, and to perform bronchial toilet. 2, 21 Meanwhile, the control of sputum volume is critically important. Jin and colleagues 11 revealed that daily sputum volume (>30 mL) was associated with the worse surgical outcome. Therefore, surgery should not be performed in cases of severe inflammation until adequate control has been achieved. Pleural adhesion is commonly encountered during the operation, 6 so careful extrapleural dissection is suggested to reduce the potential risk of postoperative infectious and hemorrhagic complications. The pulmonary artery should be treated before the pulmonary vein to avoid pulmonary congestion. In addition, because of a high incidence of postoperative bronchopleural fistula, 19 bronchial stump coverage is therefore recommended. After a careful surgical planning, we believe that lobectomy can be performed safely with acceptable operative morbidity and mortality rates. Still, patients should be counseled properly about the potential risks, and the operation should be undertaken in experience centers with experienced surgeons.
Patients with bronchiectasis typically presented with signs of recurrent infections, productive cough, and hemoptysis. 11, 23 Our study showed significant symptomatic improvements after lobectomy for the predominant lesion in nonlocalized bronchiectasis. The frequency of acute infection and hemoptysis declined significantly and the amount of sputum decreased. More than 89% of patients benefited from the operation, which also was comparable with the previously reported satisfaction rates in localized bronchiectasis (Figure 3) . 4, 15, 16 Surgery could help prevent infective exacerbations and retard disease progression before lungs become grossly diseased. 13 The removal of the predominant lesion may protect the relatively less-affected bronchi from further infectious contamination and rescue the healthy segments. Therefore, primary resection should be considered for predominant lesion in nonlocalized bronchiectatic disease as well. The predominant lesion could be determined reliably on preoperative CT scan because the degree of bronchiectatic radiological abnormality was associated commonly with clinical manifestation and the patient's quality of life. [24] [25] [26] [27] Therefore, a marked symptomatic improvement and a good satisfactory outcome could be obtained in nonlocalized bronchiectatic patients after removal of the predominant lesion, as shown in our study.
It is worth mentioning that the surgical benefit is limited to patients who have only one predominant area of bronchiectatic disease that can be localized by CT, instead of those with diffuse bronchiectasis (ie, cystic fibrosis). The ideal surgical candidate has a heterogeneous distribution of diseased areas. Some areas are damaged severely, whereas others are less affected. In addition, complete resection remains the best cure for bronchiectasis. 2 For partial resection for nonlocalized bronchiectasis, the basic principle of the operation is to resect as little lung as one can (eg, lobectomy and segmentectomy, rather than pneumonectomy) in a palliative manner. 28 All patients had less than 50% bronchiectatic lung after lobectomy, which implies that at least half healthy lung should remain in nonlocalized bronchiectasis when surgery is considered. This should be interpreted with caution, however, because of the small number of patients included in our study. Further validation from independent cohorts is warranted.
This study has a number of limitations. First, it was a retrospective analysis with a relatively small number of patients. The inability to identify predictors for poor prognosis may be attributed to this small sample size. Second, the etiologies of bronchiectasis were not available, which might impact the response to surgical resection. Finally, patients who received minimally invasive pulmonary resection were not included in the study due to inadequate data provided. Further investigations are needed to clarify the role of minimally invasive surgery in this setting (Video 1).
In conclusion, nonlocalized bronchiectasis should not be regarded as a general contraindication to surgery. Our study has demonstrated that lobectomy can be performed safely in patients with nonlocalized bronchiectasis, and patient symptoms can be improved significantly with good satisfaction rates after resection of the predominant lesion in the lung.
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